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INTRODUCTION S
cale 1:5,0
The map shows the location and relative magnitude of deposits and occurrences of manganese, a In contrast are the manganese deposits formed by low- to medium-temperature hydrothermal 3 ()(),()()() Table 1.--Locations, type of deposits, estimates of resource potential, and status of resource information REFERENCES CITED
metal which is used primarily as an additive in steel to facilitate removal of impurities as a slag solutions derived from processes accompanying the formation of intrusive igneous bodies. These 100 0 100 200 300 : . Anderson, S. B., 1973, Manganese, in Mineral and water resources of North Dakota: U.S. C 93d
(waste) fraction during the refining of ore, and as an alloy material in steel to increase strength solutions concentrated manganese along with associated base and precious metals. Oxide, carbonate, EH H i B 1 ¢t — F I {ROM”e oF angnieae’ pravGraes lst’sessio; Sen;te Commitc;e on Interior and Insular Affairs Committ 2 g :'t . .lsggﬁggss, ’
and workability. There are no substitutes for manganese in steelmaking. The apparent consumption of and silicate manganese minerals were deposited in open vein structures and also may have replaced the i Crittenden, M. D: Jr.. 1964a, Metallic mineral resources-- Ma ° i e; rint, p- :
manganese metal in 1978 was approximately l.4 million short tons (about 1.3 million metric tonms). The intruded host rocks. In zoned base-metal deposits manganese is commonly in the outermost zone, and 100 0 100 200 300 400 500 Kilometers Prelimi of Ne;ada' 0.5 éon cess. H8th. 24 sesaion. & ité B niag?se, _%1312T;al and water resources
R || ——— : U.S. . -119.
nation imported 98 percent of the primary manganese required that year, mainly from Brazil, Gabon, rock alteration is often associated with such deposits. Oxide vein deposits may also be closely e L Geologic esgima?e:a;¥ Status of geologic 1964b, Metallic mfﬁeraf reso;rces-—Manga;esZn ;; ;:::::1 anallater resour f Utah: U.S
Australia, and South Africa; the remainder was from industry stockpiles (U.S. Bur. Mines, 1979). associated with Cenozoic volcanic rocks. Contact skarn deposits in sediments intruded by igneous Province location rypes inf resoiifce potERtEH] Kol in?’ormagion Congress, 88th, 2d session, p. 103-108. > Ain urces o ah: «S.
Recycling of both slag and scrap materials to recover manganese provided an insignificant portion. plutons may also contain manganese. Description of typical examples of all of these deposit types and deposits! Crittenden, M. D., jr., and Paviides Louis, 1962, Manganese in the United States, exclusive of Alaska
Because of the projected increase in demand for manganese of about one-third by the year 2000 (DeHuff, references to additional details about their occurrence are in reports by Dorr and others (1973) and No. State Area High  Medium Low Adequate Inadequate and Hawaii: U.S. Geological Su;ve Mi;eral investi ations R Map MR 23 le 1:3
1975), there may be a greater future concern about domestic sources, particularly if current import Stanton (1972). Davis, F. F s Hewsrte Do Be. 1966 yManganese i Miieralnieszzzzzzeof galiEoréian g y 6168;000-
. Fo, . F. g «Se
sources are threatened. Observations (Noble, 1976; Guild, 1978; and Tooker, 1979a) that metal provinces seem to occur in 1 Maine A took C 89th. 2d session C;;mittee’on In;erior and }ﬁ;;lar Affairs, Committee Print (Calif 1 g:gieis.
The United States has no domestic supply of minable manganese (ore) materials but has a distinctive patterns in different parts of the exposed crust is also recognized in the manganese ROOSLOOK :50: I, 111 X == L X? -- of Mlnes and Geoiogy Bulletin 191), p. 243-247 ’ alitornia Bivision
substantial potential for subeconomic sources of this metal. The main problem with regard to domestic province map. The pattern of province distribution seems to be correlatable with formation of 2 Ari : > o N
DeHuff, G. L., 1975 :
manganese resources is that the large deposits are generally subeconomic because of their low grade deposits either in an interior old -continent crust composed of Precambrian basement and Phanerozoic rizona Artdllexy Pesk I . o o X o o B;uetin ’667? p’ :58;_8:::% in Mineral facts and problems, 1975 edition: U.S. Bureau of Mines
and (or) refractory character. The high-grade deposits, which are more numerous in the United States, cover rocks or in oceanic and island-arc accreted crust marginal to the coastline composed of 3 Idaho and Montana B J ) "
are small and are uneconomic to mine for manganese alone. Higher grade minable manganese minerals are Phanerozoic rocks (Tooker, 1979b). utte I X 5 =5 == X Dorr’Zd.sZ;sfgé zgénizsgéozzziizese’ %gtnizeral zni;wajfr isﬁfurces of Arizona: U.S. Congress, 90th,
more economically available overseas. There seems to be little hope, on the basis of present geologic 4 Minnesota Cuyona ange 1, 11 B . N B S o Bullécin 1805, os 211:22%? nterior an nsular airs Committee Print (Arizona Bureau of
data, to expect to discover or utilize large-scale high-grade concentrations of manganese minerals MANGANESE PROVINCES Dorr, J. V. N.. 2d Cti{kenden Mo Ows des d6d WoEls Re G 1973. Manganese in United Stat : )
from previously known manganese mining districts in the conterminous United States; however, more Manganese provinces, which occur in rocks that overlie both the old continent and oceanic crustal 5 South Dakota Pierre Shale outcrops I X -- -- X - 'resources; U:S. Geological Surve; Pro;essional ;a ;r éiO ’385-599 == e ates miners
disseminated domestic sedimentary geologic environments that are comparable with productive ones in plates, are found mainly in the Cordilleran and Appalachian belts. The metal also occurs locally in (Chamberlain dist.) Dort. J. V. No.. 2d. and Sweene 0w 1968, Man aie ; pﬁi 1 * £ th 1
Russia and Australia have not been evaluated. There is a possibility that resource investigations in the Central Plains and Precambrian shield as well as offshore on the Blake Plateau. Thirty-three : ,region: U:S. G;ological Sug&; Lrogéssional Pa gr 533"-24162222 resources of the Appalachiad
these areas would result in discoveries of large low-grade manganese concentrations worthy of further provinces or potential province areas are shown on the map, and their geologic and resource 6 Washington 0lympic Peninsula 1 - X? Georgia Department of Mines, Minin y and Geolo 1929 o s Pi . e D
exploration. Recovery of high-grade manganese as a byproduct material during mining for associated characteristics are summarized in table l. 6 5 ! o X =5 Gries. J. P.. 1975. Manzencse. i 8ﬁineral dgy’t s SUInexa. Eei?”rifs map, scale 1:500,000.
metals could also add to the domestic resource. If metallurgical technology and economic factors Most manganese deposits or occurrences lying in oceanic-derived crustal rocks are localized in e & Northern border I1, 1117 o - X = X Ist.ses;ion ; 104%109 PR and water resources o outh Dakota: U.S. Congress, 94th,
improve, or strategic and industrial needs require it, a search for additional hypothetical resources stratiform and weathering enriched stratabound bodies, the result of volcanogenic and sedimentary PRE IMINAR MAP OF MANGANESE PRO IN ES IN HE ON ERMI 7 Cali i 78, ;
I Tr ‘r C T (: T if Guild, P. W., 1 3
in the United States may be worthwhile. The purpose of the province map is to show where additional processes. The geologic distribution of these resource materials seems to follow preferred ormie Coast Ranges ! o Xz o K o ¢ London, E. iéﬁ; 2zfailo§?n§§;i3;2.the WENUETD. MRGRAd Sttess duumil Bf the DRcligiedl. Seciesy)
geologic search may most profitably be made. stratigraphic horizons and structures in the accreted oceanic terranes. They trend northerly parallel New Mexico Rio Grande rift zone Haigl L. B J ;
Manganese constitutes about 0.1 percent of the Earth’s crust and is more abundant in mafic rocks to the coastline in provinces 7, l4, and 25 in California and western Oregon, swinging to the east in on 3 o x? o o X S Efé_ Geolgé;ill Zti:z;l;;i;r:i ;;;eézf:;tE;:i;;iiuziSKZ:e2;:—:: 2:;3Ftiq53trzziﬁs in new Mexico:
than in granitic types. To be economic a deposit must contain between 25 and 50 percent manganese, province 30 in eastern Oregon. The deposits in province 6 are also of this type, but those in 6a 9 Utah and Nevada Great Basin I1 -- X == - X Huntting, M. T., 1956, Pt. 2 of Inventory of Washington mi P . _-v. . e 33 ‘,l h; )
which means that a concentration of from 250-500 times crustal background is required to form an occur in a crystalline terrane of uncertain origin. The size of the known individual deposits that of éonserv;tion D;vel; ment Divisionyof Hines a%i G l“erz il gl ’ texg} ashlngton epartment
economic deposit (Dorr and others, 1973). The chemical properties of manganese are similar to ironm, occur in oceanic crust along the Pacific coast is too small for economic development in spite of the 10 Arkansas Batesville I, II, III -- X -- -- X King, P. B and Beikman %i L 1974, Geologi . fotggyu 3 : sn’ no: 5 ;
thus their geologic occurrences are commonly closely related. The main ore minerals of manganese are large numbers of localities. The few exceptions have already been mined out. 1In contrast are the . ’scale 1:250 000. e ’ BLE Tiap O e Tnite tavess U.3y Geological Suxyey,
oxides and carbonates that are concentrated in a variety of fresh and altered sedimentary rocks in large (type B) deposits apparently in oceanic-derived volcanogenic rocks in province 1 in northern " Oklahoma and Arkansas MeCortain and Polk Countfes 11, JII o X o - X Mining Magazine ’1976 International mining surv table B--1,126 mi for 90
hydrothermal vein and replacement bodies, and in seabed nodules. Maine. Province 27 in oceanic-derived rocks of the southern Atlantic coast may contain similarly 12 Alabama. G . i . ) i1 output’other’than coals Ve 27 g 2;; ey, table » mines accounting for percent of
The map was compiled from published reports (Pearre, 1956, 1961; Huntting, 1956; Crittenden and derived occurrences of manganese, but they are generally small and not fully known. Bs BEOTETR, PRETachTan Mountafns ke A o X o X - National Materials Advisory Bo;rd 19;6P.Man ;nese recovery technol : R NMAB-323, N 1
Pavlides, 1962; Crittenden, 1964a, b; Prinz, 1964; U.S. Geol. Survey, 1964; Haigler and Sutherland, Cordilleran belt and Colorado Plateau manganese localities in the old continent crust define Tennessee, Virginia Research Council, Washington ’D c '81 pg y technology: eport - » Nationa
1965; Davis and Hewett, 1966; Dorr and Sweeney, 1968; Dorr, 1969; Georgia Dept. Mines, Mining, and northeast-trending provinces or groups of provinces (i.e., 3 and 22; 26, 23, 9; 19, 2, 16, 18, and Ma s , D. C., .
. ryland and Noble, J. A., 1976, Metall i i :
Geology, 1969; Anderson, 1973; Gries, 1975) and records of the U.S. Geological Survey's manganese 18a; 15, 23, and 17, and 8), geologic types of manganese occurrences are distinctively different from Y . Mineraldwm Dep&;it: ?Be:%?? 3_pffvx?fi;9g§3§?e Cordtilera of Weabern Noxth #ud Sauth Awerfcs:
resource specialist. Geologic background data used in defining province boundaries are from the oceanic plate deposits, for the most part. Although a few manganese provinces are indicated within Fennsylvania Pearre, N. C. (compiler), 1956 Miner’al deposits and occurrences in M h d Rhode Island
geologic map of the United States (King and Beikman, 1974). Some of the technical terms and geologic the Colorado Plateau, a great number of them seem to be clustered around its margin. ]E; 13 A e;clusive " ola ;and ;nd el znd v 5 % aoes : -;s:ac usetts an ode Island,
concepts used in the atlas of metal and nonmetal provinces, of which this report 1is a part, are Deposits and occurrences within the Central Plains region, in provinces 4, 5, 10, 11, 20, 20a, )’ rizona Southern Colorado Plateau -- -- -- X -- X Resource Map MR—éy’scale I'SEK)%OO ’ g ’ e 0=0BRER rvay Misexsl lsvestigetion
d 1979b). 5 ) ) , g . .
discussed and defined in a companion background report by Tooker (1979b) ii;izséd 3;; f::Ltii;ii;e ::::::;:f str;;:;;::: 2ed:::::::z zziSZydI::h:::?: 2i;i?;cand(gff:thi:e bee: 14 Oregon and California Klamath Mountains I . . X X 1961, Mineral deposits of Maryland, excluding fuels, sand, and gravel: U.S. Geological Survey
. - urce enden an o Mineral Investigation Resource Map MR-12, scale 1:250,000.
DISTINGUISHING MAP FEATURES Pavlides, 1962); however, there has been no past production from contained manganese nodules, and the 15 Arizona So ' "
uth-central i . Prinz, W. C., 1964, Mineral --M : .S.
The map shows the distribution of 33 manganese provinces and tentative provinces, which are broad U.S. Bureau of Mines rates such deposits as having a very low economic potential because of present I X -- X éongress’ 88th’ 24 ::s:ioieif?ﬁiiillsﬁganese’ in Mineral and water resources of Idaho u.s
areas that contain or are expected to contain anomalous amounts of the metal well above its crustal technologic and environmental extraction and processing problems. 16 Utah and Colorado Northern Colorado Plateau I .- X X Stanton, R L, 1975 Ore petroiogy' New York, McGraw Hill Book Co 717
- - e Lo, g o .
abundance. A summary of current information aboutthe size and main geologic types of occurrence, as The Appalachian belt deposits and occurrences are found mainly in early to middle Paleozoic Tooker, E. W., 1979, Metal provinces and plat:e tectonics in the congermingus United States, in Ridge
well as estimates of future resource possibilities, are shown in table l. The purpose of the province stratabound ferruginous shales, slates, and ironstones (province 1) and breccia fillings and Y Colorado Front Range mineral belt T e X -- -- X Je Do, ed. Pa’ers on mineral deposits of western North America: Nevada B { Mir . é
map is to identify regions in the conterminous United States where manganese has been or may be replacements in clastic rocks (provinces 12 and 29) that have been enriched by the weathering of low- - ‘ . 4 South Geolog} Rep;rt ;3, . 3338 P ern Nor erica: Nevada Bureau o nes an
produced either as a primary or byproduct material, together with an assessment of the current status grade manganese-bearing sediments during prolonged erosion. Deposits in provinces 27 and 28 are YORANG Snd! out Black Hills I - - X X 1979b, B "
= ackground inf i
of geologic resource information to aid in evaluating the potential availability of resources in each residual oxides in clay deposits derived from limestone or dolomite. Most of these localities have Dakota in th; contsrgzsousnuz;?ZEig:aEzs?ccgmganée;ng:z:issjﬁv:;mgi?:5i;ra;gzn?::e;:is:;neral provinces
province. been examined by the U.S. Geological Survey and found to be too small for successful recovery of i U.S. Bureau of Mines, 1979 ) Min -
5 «S. M in Mi 1¢C L «Se .
A manganlese p;ovinc; is a gzigr:ihic area dchftacterizded by deposi; and foccuilrrence lgcali;:ies primary manganese. Their potential for byproduct production does not seem great in most cases, except E W T ker an annon 18a Wyoming Central Wyoming 1 s — X . X 55, 45 > , Manganese, in Mineral Commodity Summaries, 1979: U.S. Bureau of Mines, p
containing relatively high or broadly disseminate ower grade concentrations of primary or byproduct in the stratabound type which may be areally large. . . ()() . ® 19 Calif ; :
orni U.S. Geological § :
metal. No distinction is made between the economic and subeconomic character of deposits or Low-grade stratabound accumulations also were formed in or near the iron formation in the ; 2 and NODEIR Bl ookt 4 o o X o X sf:;gg gfner;afvﬁzcestzéikiﬁipizzzirzcc:;teggfz2Of si}eiiiﬁn$t;§;als 0 Hpeniap! Uta RESIGECEL
occurrences in the definition of provinces. Province boundaries enclose areas containing localities Precambrian Cuyuna Range, Minn. (province 5). The potential of these deposits is believed to be Arizona River y & L 5. 8cale L& LA
ranging in size from a single mine to a broad regional mining district or belt, or known presently substantial. At least one type B deposit is already known. 20 T
subeconomic occurrence; in some cases a province encloses the outcrop area of geologic rock formations Manganese nodules lying within the 200-mile territorial limits of the conterminous United States exas South-central 1 -- -- X -- X
believed to have been favorable hosts for the concentration and deposition of manganese. In some occur on the Blake Plateau, off the coast of Florida and Georgia in tentative province 33. This 20a Do Southwest -- - - X
provinces the overlap or mixing of geologic types suggests that geologic conditions may have changed potentially large but undefined occurrence area has been considered a domestic resource (Natl. N .
with time, and that manganese was remobilized and redeposited. Where possible, the province boundary Materials Advisory Board, 1976). 21 Oklahoma Bromide II - e X == X
is drawn on the basis of geologic units or structures, and, as a result, some provinces may consist of If deep ocean seabed mining operations begin in the next decade, the manganese resource picture 22
a number of detached areas. In some cases, boundaries may enclose broadly favorable geologic regions will drastically change, virtually eclipsing all known domestic land resources. If recovered, the Nevada Central I, 11 -- -- X - X
that adjoin plotted localities, but in other cases, where areas of favorability are less certain, we manganese will be a coproduct or byproduct of mining the much more valuable metals such as nickel, 23 Do
have inferred possible extensions of provinces (by number and query) without a boundary. Where cobalt, chromium, and vanadium. Thus, while manganese may not be recovered initially, the tailings SOUEHETN 1 - - X -- X
prominent mappable features are not present, province boundaries have been drawn about localities that from nodule processing will constitute a vast resource of high-grade mined and milled material 24 Missouri Southeast
seem to share common geologic characteristics. Finally, there are a number of solitary and isolated conveniently transported to processing facilities. Two or three nodule operations could produce ea I, I1, 111 - == X? == X
localities that do not seem to fall into a known regional geologic pattern. When such presently manganese at a rate sufficient for projected domestic consumption. 25 California Sierra foothills 1
poorly defined areas are studied systematically, they may indeed turn out to have no resource -- = X X s
significance, but if more manganese concentrations are located as a result of more information, these POSSIBLE MANGANESE PROVINCES 26 Do Northern Mojave Desert I - wis X
areas may become recognized as potential new manganese provinces. The purpose of the province map is On basis of broad geologic grounds, several parts of the United States are judged to have ]_S)E;() o X
to identify such possibilities and help narrow the area of search for manganese during a national potential for undiscovered (hypothetical) manganese deposits. But because these areas contain no e’ North Carolina, South Piedmont I, 111 -- -- X == X
resource assessment. presently known occurrences, they are not shown on the map. In this category we include the Carolina and Georgia
Deposits and occurrences of manganese are classified on this map on the basis of past production, sedimentary environment of the Coastal Plains along the Atlantic Ocean and Gulf of Mexico, and
minable minerals, if any, expected potentially minable materials, and production activity in 1975 Cretaceous sediments in parts of the Central Plains in the upper midwest peripheral to the exposed 28 Virginia Blue Ridge I, III
(Tooker, (1979b). Large deposits, as defined by Crittenden and Pavlides (1962), are those whose Precambrian shield. Portions of these areas have strong geologic affinities with areas in the Soviet * o - X -- X
production and potentially minable materials exceed 5 million long tons (>5 million metric toms) of Union and Australia, where comparable rock sequences contain large sedimentary type deposits. In the 29 New Jersey Franklin Furnace 11 == - X X
contained manganese, which, for sake of comparison in the atlas, would be valued at more than $1 United States such areas -have not been well explored for manganese and represent locations for 29a Massachusetts Hampshire Count o
billion in 1978. Such a deposit represents about a 4-year supply, based on reported consumption in resource evaluation to find heretofore speculative, locally restricted concentrations in these pshire. Lounty - - - X -- X
1978 (U.S. Bur. Mines, 1979). In the atlas (Tooker, 1979b), large deposits are subdivided into those sedimentary sequences. Because this is now only a vast very tenuous area, no provinces can be shown. 30 Oregon Northeastern I
that were active mines (type A) and inactive deposits (type B) during the 1975 base year, as o -- X - X
determined from U.S. Geological Survey information and as reported also in an international survey of 31 Tennessee Western 1. 111 . - X
mining (Mining Mag. 1976). Because there was no production of manganese in 1975, no large active type ’ =5 X
A deposits can be shown. There were, however, a number of large inactive type B deposits which for Background information relating to this map and others in the Atlas 32 North Dakota Mineral Springs 1 - e X . X
33 Offshore Blake Plateau Iv unknown -- X

the most part represent former large producers that are now mined out or are inactive, but believed to
contain additional subeconomic potentially minable resources. The large solid dot type B localities
show where the metal was formerly produced, the large open dots show where there is potential for
mining.

Small deposits or occurrences, classed as type C, predominate in most of the manganese
provinces. By definition their combined production and potentially minable materials aggregate less
than 5 million long tons of contained manganese, or they are unevaluated, depending on the level of
geologic knowledge available. In most cases type C deposits contain small but high-grade bodies of
ore which have been generally uneconomic to mine as a primary commodity. A few might at some future
time yield manganese economically as a byproduct.

The map also pinpoints some geologic regions that are characterized by more or less specific
geologic settings in which manganese was concentrated in crustal rocks. The geologic processes that
concentrate manganese are varied: some are a result of low-temperature hydrothermal solutions and
meteoric waters acting on sedimentary and igneous rocks in the subsurface. In other areas manganese
was a minor constituent of sedimentary rocks, and was later reconcentrated by oxidation, weathering,
and subsequent erosion at the surface. The deposit types formed are similarly variable. Large, low-
grade oxide accumulations were formed by deposition in open pore spaces, ‘veins, and breccia zones, by
replacement of carbonate rocks, or as nodules on the sea floor. Lenticular high-grade deposits of
oxide, carbonate, and silicate minerals may form in eugeosynclinal basins adjacent to nearby submarine
volcanic sources. Less commonly manganese occurs as carbonate concretions in shales, the result of
physical-chemical concentration processes that occurred during the lithification of the host rock.
Hot spring waters have deposited small low-grade alluvial fan and playa accumulations.

of Metal and Nonmetal Provinces in the Conterminous United States
is published as U.S. Geological Survey Circular 792 (Tooker, 1979),
available free of charge from the U.S. Geological Survey, Branch
of Distribution, 1200 Eads St., Arlington, VA 22202.

This report is preliminary and has not been edited or
reviewed for conformity with Geological Survey standards
and nomenclature.

!Main types of deposits (based on Crittenden and Pavlides, 1962).

I. Sedimentary or volcanogenic stratabound and stratiform deposits; lenticular or blanket deposit.

II. Hydrothermal vein and replacement deposit as a major or gangue mineral; includes hot spring deposits.

ITI. Enrichments by supergene and weathering processes; oxide open-space filling and replacement.

IV.  Manganese nodule deposits, both sea bed and fossil types.
o i : Foon ;
A high estimate indicates the presence or expectation of more than one large (type A or B) deposit, a low estimate is based
on the presence of type C deposits and (or) occurrences. o



